Introduction
Beta decays and electron capture reactions play an important role in nuclear physics [1] and in many astrophysical phenomena like supernovae explosions and nucleosynthesis [2, 3] . In energetic contexts like supernova explosions neutrino capture reactions are also relevant [4] .
β decay has a direct access to the absolute GT transition strengths B(GT), allowing the study of half-lives, Q β -values and branching ratios in the Q-window. Charge exchange reactions like (p, n) and ( 3 He,t) are useful tools to study the relative values of B(GT) strengths up to high excitation energies. Recent experimental improvements have made possible to make one-to-one comparisons of GT transitions studied in charge exchange reactions and β decays [1] . Employing the isospin symmetry experimental information can be obtained for unstable nuclei. A long series of high quality experiments have provided new experimental information about the Gamow-Teller strength distribution in medium mass nuclei employing these techniques [5, 6, 7] .
Theoretical investigation to study strong magnetic dipole (M 1) transitions and GT strengths for f p shell nuclei reported in refs. [8, 9, 10, 11, 12, 13, 14, 15] . The effects of T = 0 two body matrix elements on M 1 and Gamow-Teller transitions for 44 Ti, 46 Ti, and 48 Ti is reported in refs. [16, 17] . In this work it was shown that transition rates were much more sensitive to the details of the T = 0 interaction. In another work Garcia and Zamick [18] reported the effects of several different interactions on B(GT ) values a Electronic address: vikasphysicsiitr@gmail.com b Electronic address: pcsrifph@iitr.ac.in and magnetic moments in a single j-shell calculation. The magnetic dipole excitations of 50 Cr [19] has been recently studied with the method of nuclear resonance fluorescence up to 9.7 MeV using bremsstrahlung at Darmstadt. In this work it is shown that spin M 1 resonance is mainly generated by spin-flip transitions between the orbitals of the f p shell. In ref. [20] the relation of low-lying GT − strength and SU (4) symmetry reported. It was confirmed that SU (4) symmetry broken with increasing spin-orbit splitting and by increasing neutron numbers. The understanding of M 1 excitations for f p shell nuclei is possible with recent theoretical and experimental efforts [21] . The GT strength at high excitations is also important, in ref. [22] it was shown that 50% of the strength is shifted into the region of 10-45 MeV excitation for the nucleus 90 Zr. In the recent experiment using RISING array the super-allowed Gamow -Teller decay of the doubly magic nucleus 100 Sn reported in ref. [23] . The experimental findings were interpreted using large scale shell model with valence space consists of the fifth (4hw) harmonic oscillator shell, that is, proton and neutron πν(g, d, s) orbitals outside the 80 Zr core using five particlehole excitations from the g 9/2 proton and neutron orbitals to the rest of the shell to get convergent results for excitation spectra and the Gamow -Teller strength.
Large-scale shell-model calculations, employing a slightly monopole-corrected version of the well-known KB3 interaction, denoted as KB3G, were able to reproduce the measured Gamow-Teller strength distributions and spectra of the pf shell nuclei in the mass range A = 45-65 [24] . The description of electron capture reaction rates, and the strengths and energies of the Gamow-Teller transitions in 56,58,60,62,64 Ni required a new shell-model interaction, GXPF1J [25] .
Shell-model calculations in the pf model space with the KB3G and GXPF1a interactions qualitatively reproduced experimental Gamow-Teller strength distributions of 13 stable isotopes with 45≤A≤64. They were used to estimate electron-capture rates for astrophysical purposes with relatively good accuracy [26] . Shell model diagonalizations have become the appropriate tool to calculate the allowed contributions to neutrino-nucleus cross sections for supernova neutrinos [4] .
Recently, F. Molina et. al. [27, 28] 2 Be target and studied the β-decay. With the help of experimentally observed β-decay half lives, excitation energies, and β branching ratios, they reported the Fermi and GamowTeller transition strengths and compared them with the more precise B(GT) value reported in [29] with the help of charge-exchange reaction at high excitation energies, finding very good agreement between the both experimental data.
The aim of the present study is to present state of the art shell model calculations for the observed transitions in 42 Ti, 46 Cr, 50 Fe and 54 Ni nuclei, restricted to the pf model space, employing the KB3G [24] and GXPF1a [30] interactions. The shell model calculations are performed using the code NuShellX@MSU [31] . They provide a theoretical description of the experimental results presented in [27, 28] and [5, 29] , complementing those presented in [6] . Thus present work will add more information to refs. [6, 27, 29] .
Details about shell model calculations
In order to describe the measured GT strength distribution for 42 Ti, 46 Cr, 50 Fe, and 54 Ni nuclei we employ the shell-model restricted to the pf valence space and the effective interactions KB3G and GXPF1a.
The GXPF1a is based on the GXPF1 interaction. Honma et al. [32] derived the effective interaction, GXPF1, starting from the Bonn-C potential, by modifying 70 welldetermined combinations of four single-particle energies and 195 two-body matrix elements by iterative fitting calculations about 699 experimental energy data out of 87 stable nuclei.
The GXPF1 interaction was tested extensively [30] performing shell model calculations in the full f p shell for binding energies, electromagnetic moments and transitions, and excitation spectra in the wide range of f p shell nuclei. As the N = 34 subshell gap in Ca and Ti isotopes, predicted by the GXPF1 interaction, was not observed in recent experimental studies of the 52−56 Ti isotopes [33, 34] , it led to the modification of GXPF1 interaction. Five T = 1 two-body matrix elements in the f p shell were modified: 3 pairing interaction matrix elements were made slightly weaker and two quadrupolequadrupole matrix elements were made slightly stronger [30] . The modified interaction, referred to as GXPF1a [30] , gave an improved description simultaneously for all these three isotope chains and is considered reliable for the use in shell model calculations to explain the data on unstable nuclei.
The interaction KB3G [24] is a monopole-corrected version of the previous KB3 interaction in order to treat properly the N = Z = 28 shell closure and its surroundings [35] . The parameters were fitted using experimental energies of the lower f p shell nuclei.
In the present work we employ the interaction GXPF1a. It generates nearly indistinguishable results with respect to GXPF1J, the one employed in [6] . Both seem to particularly well suited to describe nuclei with A ≤ 50. For lighter nuclei the interaction KB3G is able to describe with more detail the low energy spectra.
The full shell model Hilbert space in the pf shell is employed in the description of 42 Ti, 46 Cr and 50 Fe nuclei. Due to the huge matrix dimensions, in the case of 54 Ni we allowed for a maximum of four nucleon excitation from the f 7/2 shell to the rest of the pf orbitals.
The Gamow-Teller strength B(GT) is calculated using following expression,
where τ + |p = |n , τ − |n = |p , the index k runs over the single particle orbitals, |i and |f describe the state of the parent and daughter nuclei, respectively. In the present work the B(GT) values are scaled employing a quenching factor as we calculated from following formalism. Following Ref. [36, 37] we define We have taken experimental data from ref. [38] . Here I β + Iǫ are the branching ratios. this is independent of the direction of the transitions. In Table I we compared calculated and experimental M (GT ) values. To get R(GT ), we need the total strength, W and it is defined by
Where R(GT ) values define as
while the corresponding experimental versus the theoretical values are plotted in the Fig. 1 . The slope of this figure gives average quenching factor q =0.768 ± 0.005. In the present work we have performed calculations in f p shell with two different effective interactions. Since the overall results of KB3G effective interaction is better than GXPF1a, thus we have calculated quenching factor only with KB3G effective interaction.
Comparison of experimental and theoretical GT strength distributions
In this section the theoretical results are compared with the experimental data reported in [27] and [29] .
3.1
42 Ti → 42 Sc Fig. 2 displays a comparison between the shell-model calculations and the experimental GT strength distribution for the transition 42 Ti → 42 Sc. Fig. 2(a) presents the experimental data observed through the β-decay 42 Ti→ 42 Sc up to the excitation energy E x ( 42 Sc) = 1.888 MeV [27] . Fig. 2(b) shows the experimental data obtained through the charge-exchange reaction 42 Ca( 3 He,t) 42 Sc up to the excitation energy E x ( 42 Sc) = 3.688 MeV [29] . Fig. 2 (c) depicts the shell-model calculation using the KB3G interaction, Fig. 2(d) , the shell-model calculation using the GXPF1a interaction, and Fig. 2 measured ones. It is noticeably that the interaction KB3G generated an excitation energy closer to the experimental one than the energy obtained employing the GXPF1a interaction, while the opposite is true for the GT strength. The second excited 1 + state at 1888 keV is missed in both calculations, which predict a second, small B(GT) strength at an excitation energy slightly above 4 MeV, which could be the one observed in the CE reaction. Both interactions predict a noticeable B(GT) strength at an excitation energy between 9 and 10 MeV, where there is no experimental information. The close similitude in the B(GT) strength predicted using the GXPF1a interaction and the β + data is visible in the summed strength plot. 
46
Cr → 46 V Fig. 3 shows the experimental and shell-model calculated B(GT) strength distributions for the transition 46 Cr → 46 V. Fig. 3(a) represents the experimental data observed through the β-decay 46 Cr(0 + ) → 46 V(1 + ) up to the excitation energy E x ( 46 V) = 3.867 MeV [27] , Fig. 3 (b) the experimental data observed through the charge-exchange reaction process [29] i.e., 46 Ti( 3 He,t) 46 V up to the excitation energy E x ( 46 V) = 5.717 MeV, Fig. 3(c) , the shellmodel calculation using the KB3G interaction, Fig. 3(d) , the shell-model calculation using the GXPF1a interaction, and Fig. 3(e) , the running sums of B(GT) as function of excitation energy.
The experimentally observed B(GT) strength as a function of the excitation energy exhibits two clusters, one between 1 and 1.5 MeV, and another between 2.4 and 3.0 MeV, plus some small intensities around and above 4 MeV. On the theoretical side, the KB3G and GXPF1a interactions predict a low energy transitions below 1 MeV, and the most intense transition close to 3 MeV. While the general distribution of B(GT) strength is similar using both interactions, the KB3G predicts more fragmentation. The summed B(GT) intensities obtained from the two calculations are in close agreement, and reproduce well the observed one.
3.3
50 Fe → 50 Mn
The shell-model calculations and the experimental GT strength distributions for the transition 50 Fe → 50 Mn are presented in the Fig. 4 . The experimental data observed through the β-decay 50 Fe→ 50 Mn up to the excitation energy E x ( 50 Mn) = 4.315 MeV [27] are shown in Fig. 4(a) , those observed through the charge-exchange reaction process 50 Cr( 3 He,t) 50 Mn up to the excitation energy E x ( 50 Mn) = 5.545 MeV [29] in Fig. 4(b) , the shell-model calculation using the KB3G interaction in Fig. 4(c) , the shell-model calculation using the GXPF1a interaction in Fig. 4(d) , and the running sums of B(GT) as function of the excitation energy in Fig. 4(e) .
There is an intense isolated B(GT) transition to the first 1 + state, observed at 651 keV, which is predicted, but at lower excitation energies, by both interactions. There are a few observed transitions with comparable strength distributed between 2.4 and 4.4 MeV, which are described with some detail using the interaction KB3G. The same strength is concentrated in three transitions when using the interaction GXPF1a. Both interactions predict a long tail of small intensity transitions. The calculated summed B(GT) intensities closely reproduce the experimental ones.
3.4
54 Ni→ 54 Co Fig. 5 shows the experimental and shell-model calculated B(GT) strength distributions for the transition 54 Ni→ 54 Co. Fig. 5(a) displays the experimental data obtained through the β-decay 54 Ni→ 54 Co up to the excitation energy E x ( 54 Co) = 5.202 MeV [27] , Fig. 5(b) the experimental data observed through the charge-exchange reactions 54 Fe( 3 He,t) 54 Cr up to the excitation energy E x ( 54 Co) = 5.917 MeV [29] , Fig. 5 (c) the shell-model calculation using the KB3G interaction, Fig. 5(d) , the shell-model calculation using the GXPF1a interaction, and Fig. 5(e) , the running sums of B(GT) as function of the excitation energy.
The B(GT) strength for the 54 Ni(0 + ) → 54 Co(1 + 1 ) transition displays a dominant transition at 937 keV and a set of transitions at energies between 3.3 and 6 MeV. As mentioned above, in the shell model calculations a truncation to a maximum of four nucleon excitations from the f 7/2 shell to the rest of the pf orbitals was necessary due to computational limitations. The B(GT) strength the huge matrix dimensions we calculated only ten transitions from ground state of 54 Ni(0 + ) to 54 Co(1 + ).
The summed B(GT) strength
In Table 2 , the total sum of the B(GT) strength is presented for the transitions measured in the four nuclei using the shell model code ANTOINE [39] . The third and fourth columns show the measured valued for the β-decay and the charge exchange ( 3 He,t) reactions, respectively. Both experimental results are of the same order, their differences can be ascribed to the different energy regions accessible with these techniques. The last three columns show the calculated results obtained employing the KB3G interaction, the GXPF1a interaction and the extreme single particle model (ESPM), respectively. In the extreme single particle model (ESPM) the 0 + ground state of the even-even parent nuclei is described filling the f 7/2 orbital with the appropriate number of valence protons and neutrons. The final 1 + states in the odd-odd daughter nuclei are built as a hole in the proton f 7/2 shell, and a neutron particle in any of the pf orbitals.
The Gamow-Teller strengths are calculated in the ESPM as
In this expression n p is the number of valence protons in the f 7/2 shell, n i the number of valence neutron holes in the i − th orbital, which in this case can only be the f 7/2 (non-spin flip transition) and the f 5/2 (spin flip transition). | f 7/2 |στ + |i | 2 is single-particle matrix element connecting the proton state f 7/2 and the neutron state i.
It is clear from the table that the extreme single particle summed B(GT) strengths are much larger than the observed ones. Those obtained in the SM calculations are closer to the experimental intensities. The comparison between ESPM and shell model results for each transition suggesting that we need separate quenching factor for each concerned nuclei.
Conclusions
In the present work we have presented a comprehensive shell model calculation for Gamow-Teller transition strengths in 42 Ti, 46 Cr, 50 Fe and 54 Ni, employing the effective interactions KB3G and GXPF1a. They provide a theoretical description of the experimental Gamow-Teller transition strength distributions measured via β decay of these T z =-1 nuclei, produced in fragmentation at GSI, and also with ( 3 He,t) charge-exchange (CE) reaction.
In the study of the GT transitions in 42 Ti, 46 Cr, 50 Fe, the configuration space of the full pf shell was employed. Both interactions provided a qualitative description of the observed transitions, and were able to closely reproduce the summed B(GT) strength.
In the case of 54 Ni it was necessary to impose a truncation in the number of excitations allowed from the f 7/2 level. The theoretical strengths are larger than the experimental value. It may mean that a substantial amount of strength has not been experimentally measured.
In all cases the calculations predict the existence of a fragmented but observable B(GT) strength at excitation energies between 6 to 12 MeV, which could become observable in future experiments. Present work will also add more information to ref. [6] .
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